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Book Reviews 
The Theory of Storage. By P. A. P. MORAN, Methuen's  Monographs on Ap- 
plied Probabi l i ty and Statistics, distr ibuted in U. S. A. by Wiley, New York, 
1959. 111 pp. $2.50. 
In the General Editor 's  Preface to this book, M. S. Bart lett  states, "The suc- 
cess of Methuen's existing series of monographs, . . . ,  stresses the value of short 
inexpensive treatments to which a student can turn for an introduct ion to, or a 
revision of specialized topics." As a brief introduct ion to some of the prel iminary 
aspects of the subject, the present book fits very well into the purpose of this 
series, and is recommended to the reader. 
This book is a survey of certain of the basic probabil istic problems which arise 
in the theory of storage. These problems are of two types. The first type, presented 
in Chapter II, pertains to the Inventory Storage, while the second type, presented 
in Chapters I I I  and IV, concerns Dam Storage. Although these two kinds of stor- 
age are very closely related theoretically, i t  is convenient to distinguish them. 
The author does this in the following way. Inventory Storage refers to the kind 
of storage found in a commercial store, in which demand (output) is a random 
quant i ty,  and restocking (input) follows a deterministic rule. On the other hand, 
Dam Storage refers to the kind of storage present in a water reservoir, in which 
the flow of water into the reservoir (input) is of a random character, and the re- 
lease of the water (output) follows a deterministic rule. The probabi l i ty models 
that  arise in these three chapters are closely related to those of Risk Theory and 
the Theory of Queues, which is of more direct concern to readers of this Journal;  
unfortunately,  only brief descriptions of these relationships are given. 
In Chapter I I ,  Moran begins by briefly describing two very simple inventory 
models, namely, the newsboy model and the tobacconist model. The first concerns 
the problem of optimizing the number of newspapers that  a newsboy should buy 
when the wholesale and retail prices, as well as the probabi l i ty distr ibut ion of 
the random number of customers per day, are known. The second model compli- 
cates the first by allowing a carry-over of material  from one period to the next 
and by restr ict ing the inventory to be always less than a certain finite amount, 
namely, the capacity of the store. The third model studied is due to Hammersley. 
I t  concerns a store of finite capacity, in which restocking occurs at random times, 
the intervals between which are independent and identically distr ibuted random 
variables. During each of these intervals, the number of demands that  are made 
is a Poisson random variable, while the amount demanded on each occasion is 
also random with some arbitrary common distr ibution function. For this model, 
Moran gives the derivation of the distr ibution function of total  demand within a 
restocking interval.  The author then turns to examples of the more interest ing 
and complicated models in which there is a possible random time-lag from the 
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t ime of ordering to the t ime of actual restocking. Due to this time-lag feature, 
these models involve the theory of stochastic processes rather than the classical 
one-dimensional probabi l i ty theory of the earlier models. Two ordering policies 
are considered--the (s,S) policy in which both the amount ordered and the t ime 
of ordering is determined by the level of the stock, and the Ordering Cycle policy 
in which at regular intervals of t ime an amount equal to the deficit of the store is 
ordered. The part icular example which is presented here is due to P i t t  and Gani. 
In it, the stored material  consists of discrete units for which the demand is Pois- 
sonian. The main purpose of the study here is to prove that  the (s,S) policy is 
better with respect o size of inventory than the Ordering Cycle policy. 
In Chapters I I I  and IV, Moran surveys Dam Theory where the random input 
occurs over discrete and continuous time, respectively. The discrete model is 
described as follows. The amounts of water put into the dam at the discrete input 
t imes (days, months, years) are independent and identically distr ibuted random 
variables, while the amount released at each of these times is a given constant. 
Of course, any water in excess of the dam's capacity (possibly infinite) is also 
released, while no water can be released when the dam is empty. The author de- 
rives an integral equation which theoretical ly determines the l imiting distr ibution 
function of the amount of water in the dam. Solutions to this equation are ob- 
tained for inputs which have gamma distr ibutions with integral parameters. In 
general, this equation is intractable,  and so the author presents a numerical 
method of solution which involves constructing an approximating Markov Chain 
and a corresponding finite set of l inear equations. The author then turns to the 
simpler models in which the capacity of the dam is assumed to be infinite, and 
presents ome results of Bailey, Lindley, Smith, and Gani and Prabhu. In Chapter 
IV the input is a continuous flow and the release occurs at a continuous rate ex- 
cept whenever the dam is full or empty. The input is assumed to be a nonnegat iv e 
stochastic process having independent and identically distr ibuted increments. 
Two special cases are studied in detail; the case of a type I i I  input for both an 
infinite and a finite dam, and the case of Poissonian input due to Gani and Prabhu. 
Kendal l 's derivation of the distr ibution of t ime to first emptiness i also presented. 
In Chapter  V, Moran describes other problems that  arise in Dam Theory and 
describes the "Monte Carlo" method for solving some of them. In the last chap- 
ter, at tent ion is given to "problems, still largely unsolved, in which we try to 
obtain those release rules which will optimize, in some sense, the working of the 
(dam) system. We may be concerned either with the optimization of the release 
rules of a system of dams when the required power output is specified or we may 
be concerned with a power generating system which involves both hydroelectric 
and thermal generators." 
In general the book is easy to read and there are few errors. With respect o 
the latter,  the second equation on page 13 requires two plus signs, and lines 19 
and 20 do not express what is intended. The reader who finds the subject matter  
interesting and who desires further general reading with greater details would 
be advised to go first to the review article by J. Gani [J. Roy. Statist. Soc. B19, 
181-206 (1957)] for more details of the same material  covered by Moran, and then 
to the book by Arrow, Karl in, and Scarf, entit led, Studies in the Mathematical 
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Theory of Inventory and Production, Stanford University Press, (1958) for addi- 
tional directions and results in Inventory Storage (both references are in Moran's 
book). 
RONALD PYKE 
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Stat i s t i ca l  Theory  of  S ignal  Detect ion .  By CARL W. HELSTROM. Pergamon 
Press, London and New York, 1960. viii + 364 pp., $9.50. 
In his preface, the author states that "the present work is intended as an ele- 
mentary introduction to the theory of statistical testing of hypothesis as applied 
to the detection of signals in radar and communications technology." Estimation 
of statistical parameters i also treated. He states further that he "has tried to 
steer a middle course, in the hope of making the book useful to both the mathe- 
matician and the engineer." 
The first two chapters discuss background material on signals and filters and 
noise. The reader who is not already versed in these areas will probably find sup- 
plementary reading necessary. The third chapter gives a very clear exposition of 
the theory of testing statistical hypothesis, with a one-dimensional nd a finite- 
dimensional example. Sequential tests are mentioned. The next three chapters 
apply this theory to detection problems of increasing difficulty: detection of a 
known signal, detection of signals of random phase, and detection by multiple 
observations. Chapters VI I  and V I I I  treat the theory of estimation and the esti- 
mation of signal parameters, using maximum likelihood estimations. Chapter IX 
describes what the author calls "maximum-likelihood detection" as a nonoptimum 
but good method for signals of unknown arrival time. Chapter X gives a statis- 
tical treatment of signal resolution--the detection of one signal when another sig- 
nal may be present. The last chapter discusses an important, fairly general model 
first used by Price, in connection with multipath communication, as an example 
of detection of stochastic signals. 
The most general noise assumed except in preliminary theory is Gaussian noise 
of an arbitrary non band-limited spectrum. Typically, the theory is developed us- 
ing the Karhunen-Loeve xpansion, which is introduced in an easily understood 
but almost intuitive manner. 
There are no problems or exercises in the book. Of course, it is difficult to com- 
pose problems for this subject matter. This reviewer feels that often the examples 
given were so general that they differed too little from the theory being presented. 
Problems and more specific examples would have made the book much more at- 
tractive as a textbook. 
The book is clearly written and leads smoothly from simpler to more compli- 
cated situations. It  can be read with less effort than any other literature covering 
this subject matter which the reviewer has seen. For the reader (either mathe- 
matician or engineer) who is willing to overlook some oversimplification a d lack 
of rigor, this book can give a clear introduction to the application of statistics to 
